Current technology advancements have made renewable power generation and electric vehicles feasible in todays market. As these technologies continue to merge into our systems, they create a need for energy storage and greater demand for clean power. The electric vehicle and the grid are going to be integrated due to the charging need of the EV. By developing the technologies together with smart communications, they can help solve issues with a reward or solution for each industry. Vehicle and grid connectivity is of the upmost importance as Electric Vehicles (EV) come online. Communications and infrastructure upgrades are going to be needed as renewables and EV technology develops. Renewable energy production tends to be intermittent and will require storage. Adaptation of the Electric Vehicle depends on a better battery. As we strive to reduce our dependence on fossil fuels the electric vehicles are becoming part of our means of transportation. These changes are creating a greater need for renewable electric generation to power these vehicles and reduce fossil fuel usage. As additional renewable power generation comes onto the grid, the need for storage is increased. Electric vehicles will also create a large demand on the grid for charging the batteries. Utilizing smart charging, vehicle-to-grid, and improved communications can solve these hurdles.
Introduction
The electric vehicle (EV) is not a new concept. The first all-electric vehicle was built in the 1800s, but it was not until the second half of the 19 th century that practical electric vehicles found its way into the market place. Move forward a hundred plus years and people are still toying with the idea of an all-electric vehicle. Most of the limitations that caused the masses to adopt the internal combustion engine are still limitations for the modern EV. Cost, driving range and charge times are critical hurdles that consumers face when they opt to drive an EV. Storage technology development has made progress, but it is still the main obstacle that needs to be solved so the masses will adapt. Additionally, if the goal of converting from the Internal Combustion Engine (ICE) to an EV is to reduce emissions, then the grid power needs to come from a clean renewable source. If we are charging EVs with power that was generated from coal generation, this can actually have a negative impact over just burning fossil fuel in an ICE. Therefore, charging the EV with renewables is of the upmost importance.
Current power generation throughout the grid is primarily based on fossil fuel consumption. A large part of energy put into producing power with fossil fuels is lost as heat. There are ways to capture and utilize heat loss, but the majority is lost in the process. Generally speaking, once power is generated and put on the grid, an estimated 6-8% is lost due to transmission and distribution. By the time the end user receives the power at the point of use or the meter, the efficiency based on energy to energy use is very low. Current base power output on a coal plant is estimated at 33% efficient, and if we replace one unit of energy on the grid by utilizing wind, solar, hydro-electric renewables, we actually reduce three times the amount of energy units of fossil fuel being burned to generate that same unit of energy supplying the coal generating station.
Additional issues with the grid that consequently impact EV integration and the electric utility come with the time of use and the need for generation to happen synchronous with the use. The use profile, or demand profile, varies throughout the day and with seasonal changes. For the grid to operate correctly, generation for the peak demands is needed, but only used when the system demands. This plays havoc on the economics of the power producer. Furthermore, backup generation is needed if a plant goes down adding standby generation into the equation. All these costs drive the out of pocket cost for electricity that the consumer pays. This additional cost adds to the amount of fossil fuel consumed to generate electricity. If we can reduce the fossil fuel usage on the grid and add capacity for charging EVs, we can improve the amount we pollute our environment and decrease our dependence on fossil fuels.
The need for renewables for power generation has never been greater and is currently one of the big providers of new power generation going online. The EV market places even more pressure to focus on more efficient and cost effective renewables if the goal is to reduce dependence on fossil fuels. Renewable power generation will impact how the grid operates and the need for energy storage will grow with this change. The current and upcoming need for storage on the grid and in EVs has never been greater. Developing technologies to make a reliable, affordable, and practical EV will play a great role in helping resolve some of our problems we face today. As technology develops and the masses move to the EV, the potential beneficial partnership between the grid and EV have a real opportunity to develop.
As political and security issues are at an all time high, moving to sustainable renewable energy offers protection against outside influences. Integrating renewable power generation and the development of electric vehicle technology at this time really makes for an exciting change. A basic understanding is needed to fully grasp the importance of how electric vehicles and renewable energy production will integrate. This paper will determine what  role each plays, what barriers are faced and what solutions are possible when trying to develop some of these technologies. An explanation of each independent role and operation are given below. Once the foundation of these processes is laid, this paper will move to discuss the implications of the complex relationship of the EV and renewable energy, including the grid, and finally will examine the effects each will have on each other when integrated. Finally, this paper will examine some options that are on the forefront of this historic change.
The Electrical Grid & Options for Renewables
The grid is one of the largest, most complex and sophisticated system humans have ever built. This system consists of power generators that are then tied to transmission, distribution and it ends up at the consumer for use. The current grid has very little storage capabilities, meaning the power supplied is equal to power being generated. Usage is not consistent through the day or year. Daily variations and seasonal variations will create a realtime demand profile, so the generation needs to happen simultaneously with usage.
History
In its infancy stage, the grid was comprised of small isolated generating stations in urban areas. Thomas Edison designed the Pearl Street Station in New York City and was launched in 1882. This was a small 110 V Direct Current (DC) generating station that served a few hundred lamps. Ten years, later Alternating Current (AC) started to show its advantages for transmission. William Stanley, Jr. built the first generator that used AC.
By the 1900s, the grid was dominated by small AC generating stations in mainly urban areas. Public outcry and the Great Depression pushed regulators to regulate and develop service to rural areas of the United States. By the 1930s regulated utilities provided a vertically integrated utility, and along with it came large regulated monopolies.
Current Grid
Over the years and development of the grid, we have a semi-deregulated market that opens the doors for some consumers to purchase power on an open market. There is even the opportunity to produce power for use or sell it back on the grid and offset retail rates. Large producers have an open market that allows them to sell power at a real time price or to negotiate prices with large customers. This is where transmission, generation and end-user start to play a role in the economics and limitations. Furthermore, oversight of the grid for reliability and demand puts stipulations on generation; sales, use and other requirements the users and producers have to meet. For example: if a base load plant is running at full capacity in July, the temperature rise will cause electric air conditioning will come online, and the demand will start to peak. This base load generation plant will typically not be able to meet these additional demands. This additional demand will start to push up the value of the electricity being produced. This is when the regulatory agency will dispatch additional generation to come online. A gas turbine plant peaker plant may be dispatched to provide power to the grid. Conversely, in the middle of the night in January the demand will be very little. This may be an issue if the demand does not meet the plants minimum output. The plant will be generating surplus power that it needs to sell.
Historically, natural gas generation came at a higher cost. Coal and nuclear plants have a long start time and the cheaper fuel makes them the natural base load provider. Hence, peaker plants have historically been gas turbines with low efficiency and high priced fuels. As hydraulic fracturing (fracking) has been successful with recovering natural gas, this type of peaker plant usage is rapidly changing. Natural gas prices have become stable and allowed electricity generation with natural gas to be competitive with other forms of electric generation. Combined cycle natural gas plants are becoming common practice in the base load production. This technology utilizes the waste heat to generate behind the combustion side of the turbines, which helps with efficiency of the system. This system is beneficial as they are flexible with coming on and offline with fast start up times. However, with the use of natural gas, it continues to promote using fossil fuel plants, as they are flexible and cheap to operate when supplementary power is needed to go to renewable sources. Burning natural gas does not solve the issues that come with burning fossil fuels, but it does assist in utilizing intermittent renewable generation on the grid.
The ultimate goal is to obtain reliable, inexpensive power that comes from renewable sources, such as solar, geothermal, wind, hydro, biofuels, etc. Cost has historically been renewables main hurdle. Cost hurdles are changing as wind has undergone rapid growth over the last ten years. Solar is also on the cusp of breaking through and supporting itself in grid applications. All of these sources need to be considered when designing EVs and the most cost effective means of production.
Solar has a great fit within the grid power production needs, or demand curve. Typically solar generation has been costly and comes at a premium. However, this is changing. The Department of Energy (DOE) SunShot Initiative has set some aggressive goals to reduce the cost of solar generation. These goals are to make solar competitive with other forms of generation by the end of the decade. The target goal is to have solar power being produced at 0.06 per kWh. If this goal can be achieved, it will enable us to have solar generate roughly 14% of total electric generation by 2030, and 27% by 2050.
1 By integrating solar energy into the grid and with the assumption EVs are integrated into the grid, these solar advancements can help the advancements of the EV by allowing clean renewable power generation to power the EV.
Finally, hydroelectric dams needs certain geographical conditions and environmental concerns come with this. Currently, hydroelectric dams provide large amounts of power on the Western grid. This power production is reliable, cheap, clean and flexible, but has proven to have a negative environmental impact by destroying habitat and hindering the ability of migration of aquatic life.
Power Production with Renewables
The majority of power produced for the Grid is based on fossil fuels or nuclear reactors. As mentioned, these methods have long start-up times and cannot be shut down for short durations. Typically, these plants are very large and provide the Grid with base load production. When demand drops, the supplier needs to sell power to continue operating or it will start to cause frequency problems on the grid. This lack of demand will start to drive the real time pricing to zero or even a negative price, meaning the consumer will be paid for the power being used. This is counter productive to the producer, if they are burning fossil fuel at a low efficiency, putting pollution into the atmosphere, and yet the have to pay the consumer for the power because there is no demand for the power. This lack of demand can create on opportunity for energy storage, which is needed to make power generation more efficient and economical. The following are a few renewable technologies that are in the forefront of new production coming online:
Wind Generation
Wind power generation has had the greatest growth in terms of renewable power production in the last 10 years. The technology has had significant development and government financial incentives,which have made this market ripe for development. Wind energy is not reliable, but is somewhat predictable in the short term. However, the tradeoff for this is the fuel used for generation is free. This type of generation really comes down to a capital investment and maintenance cost. Once the capital investment is made, the producer needs to make power and sell it to turn a profit. This need to sell power, generated with free fuel, poses problems when trying to operate a grid with dispatched power production. The generators are going to sell the power at any price because it is a source of revenue and the need to cover fuel expenses is not an issue. This surplus power production may not be needed to meet real time demand requirements. However all this surplus generation may be needed at a different time. This peak generation demand, which is also called peak-demand matching, is not taken offline as the power may be needed in the near future. This issue is exacerbated when a wind producer may have a large production capability, yet the wind may not be blowing and may be unable to go online for service when they are needed. The wind power producer may also face a situation where the wind is blowing in the middle of the night in January, but there is no need for the power (low demand). This will play into the economics of the real time pricing. A power producer will most likely try to put the power online and sell it at reduced rate due to the lack of fuel cost. This situation will compound the baseline production issues previously discussed. Adding excess power to the grid may cause issues with the grid frequency, and may be counter productive to producing renewable power because the baseline plants are already meeting the grid demands.
Lack of predictability for wind production will significantly impact the grid when large amounts of this intermittent power are being used. Having surplus power coming online is counter productive when we are trying to replace fossil fuels power with renewable power and the demand is not matching the generation. This creates a greater need for power storage. The thought of power storage is basically taking energy and delaying its use. If renewable generation is geographically widespread, then outages or down time of the renewables becomes less problematic as generation in other areas are highly probable. The wind may be calm in Chicago, but blowing in South Dakota. This is where the advantage of connecting to the grid and transmission over a micro grid will be advantageous. If the lack of wind is short lived and storage is integrated, the issue is not as important.
Solar Generation
Solar electric generation comes in differing forms. Concentrated solar power (CSP) and photovoltaic (PV) are the two methods of electric generation. CSP utilizes mirrors to concentrate the solar energy (heat) to heat a solution. The thermal energy is used to heat a solution. The system is then connected to a heat pump or mechanical steam turbines to power a generator. The generator is used to generate alternating current (AC) electricity. This type of system has historically been on large-scale operations. CSP is typically connected to a mechanical generator system that is used to generate the AC power. This type of system has been used due to the historical high cost of the PV cells.
PV modules tend to be more desirable over CSP due to the ability to take the suns rays and convert them directly to direct current(DC) power, making the system simple, and low maintenance. To make the electricity match with the grid power type the DC is then converted to AC by utilizing an inverter. This phenomenon also comes as a system with no moving parts, low maintenance and a long life expectancy. Until recently the driving cost of PV has been the cost of the panel module. Recent technology development and manufacturing has driven the price per watt to historic lows, to the point that the balance of the system (BOS) (racks, inverters, installation, power modules, tracking, etc.) is now driving the costs and controlling the market. However, PV solar installs are growing rapidly. As solar costs continue to decline, it starts to make the power production competitive with real market pricing.
One of the main benefits of PV is the production output typically follows the demand profile. One of the main uses for electricity in the peak demand times is air conditioning, which is caused by solar radiation. When the sun comes out and drives up the demand, the PV plants are going to produce the most power. This is positive for the economics of the systems output. The production follows the demand profile and along with that it produces the most power at the peak real time pricing. Therefore, solar economics can support a premium price over wind or other methods of production. Solar production is very predictable (outside cloud cover) and is one of the main reasons dry desert climates make the most sense for large PV systems being they provide clear sky for most days of the year. As large systems are constructed for grid applications, the cost of land or the impact utilizing fertile agricultural land for PV plants also needs to be considered. The cost of the land and the fertility are typically directly related, meaning desert land will be less expensive then Midwest farm land. Latitude is also another consideration when placing solar as the suns angle impacts the solar irradiance and maximizes the output. However, as the cost continues to decline, the economics will allow for greater flexibility in the installations and locations of these systems. With diversity in placement of the system, the various geographical opportunities will start to play into resiliency of the overall systems. For example, if Chicago has a cloudy day and production is low, but is connected to Kansas which is having a sunny cool day, then power can be moved to the areas that it is needed. EIA estimates that transmission losses, on average, are only 6% in the US. The SunShot Initiative by the DOE has set some aggressive goals. The base load power production costs projected to year 2020 and relating to coal generating costs establishes a baseline or the goal of $0.06 per kWh. In 2010, the cost of generating solar power was $0.214 per kWh; by 2013 it had been reduced to $0.112 per kWh. This is roughly a 45% reduction in just 4 years. This is evidence the overall solar technology is well on its way to compete with base load coal power production of $0.06 per kWh in 2020. Currently numerous module technologies, or solar panels, are being developed and have made great advances. It has been the module technology advancements that have historically been the focus of PV research. Increasing the module efficiency is what has had the most drastic effect on reducing the cost of PV systems. However, the balance of system (BOS) is currently of main focus on reducing the installed cost. One of the main financial hurdles are soft costs, referring to permits, installation and inspections. As PV solar becomes mainstream, these costs will be naturally reduced. Governing bodies can also look at ways to reduce permitting costs on installation projects. While the costs continue to decline, the number of installations continues to increase, further supporting the projections. Adaptation of electric vehicles will push the demand for additional generation to come online and create additional demand for solar power production.
Installing smaller solar arrays at the consumers location, or behind the electric meter is also practical. This, combined with smart meters, start to offer the consumer the advantage of solar production at peak pricing. This is mutually beneficial for the consumer and the grid as the transmission is reduced because the generation is happening where it is being consumed. Using solar technology comes with many benefits, but cloud cover cannot be ignored.One way to overcome this hurdle is with diversification and having interconnection with adequate capacity throughout the Grid. Spreading the generation throughout a large area will naturally make the system more resilient. On days that clear skies are everywhere, then storage may be needed to store the excess power. This is not a necessarily a critical flaw, but rather an issue that supports the need for storage even more.
Energy Storage for Renewables
The need for energy storage is essential when intermittent generation creates excess electricity that may not be needed at the time of generation. Additionally, this energy storage is critical when economics are not favorable, and the energy needs to be saved until a later date when it is favorable.
Energy storage has been previously done on large-scale systems with hydro-storage facilities. Water is pumped to high ground reservoirs by utilizing surplus energy, where it is stored as potential energy. When electricity is needed, the water is released through turbines to make electricity, which is put back on the grid. This is currently the most economical storage technology utilized today. Hydro storage is limited to geographical constraints and it has some environmental concerns, as does traditional hydropower production. There are some storage plants in use and also some are currently being built today, but the capacity is relativity small in relation to the amount needed as we continue to adapt a large portfolio of renewables on the grid.
Currently, battery storage is being researched in efforts to provide a solution to this intermittency of generation caused by renewables. There are two types of storage being examined: grid storage and EV storage. Both need to be inexpensive, have a long life, be able to charge and discharge rapidly, and have the ability to cycle numerous times. Energy density is much more important for EVs than in grid storage.
If EVs are going to be integrated and reliant on the grid, one needs to consider the large impact on the transportation sector they will have in terms of pollution and reliability. Renewables are essential if the goal is to use clean power for transportation. Plug in electric vehicles will have a major impact on the grid and the demand curve as they continue to come online, necessitating upgrades to the current system. These challenges can be major issue caused by the EV, or they can assist in leveling the demand curve issues that the grid faces today. By integrating the EV correctly, they can be part of the solution, or designed and integrated to minimize the implications the grid interfaces. A major benefit the EV offers the grid is their large batteries and the likelihood they are parked a large portion of the day. This opens an opportunity to utilize the EVs battery storage to assist with some of the hurdles that come with renewable power generation.
Transportation with Electric Vehicles
Electric vehicles have been around as long as cars themselves. Lack of energy storage (batteries) and cost are one of the main reasons the EV was not adapted by the masses but rather overtaken by the internal combustion engine car. Today we are facing the same challenges. With a better understanding of implications that come with the fossil fueled internal combustion engines, the masses are in search for an EV that will give them all the conveniences that we expect today. Coordinating the adoption of the EV and having controlled charging, renewable electricity generation can provide a low cost solution, as little as $40 per vehicle a year more than current costs, in exchange for reducing emissions and fossil fuel usage. 3 
Battery Storage
A typical persons daily driving consists of commuting to work and running local errands. These tend to be relatively close to our homes. The annual miles driven per person are given in Table I from the Federal Highway data. If one assumes this is an average per day, then the 35-54 male bin data would equate to driving 52 miles per day (18,858m/365d), all days of the year. If one considers this mileage from a work day commute it would be closer to 95 miles (18,858m/200d) which is the highest category given.
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Given this data, a battery that will go a distance of 100 miles would suffice the average driver for daily commutes. People may still be concerned if they need to drive longer distances and how long it will take to recharge the battery. If a battery could be charged in a very short time, then recharge would not be a big concern. Most batteries have fairly long charge times, or need special charging stations to accelerate the charging process. This is where Telsa Motors is leading the industry by strategically placing super charging stations throughout the US. Figure 1 shows the difference with conventional charging stations and the 120kW times to charge. Tesla Motors even advertises the placement is near dining and shopping for convenience to the travelers, validating the issue with charging time. The issue comes when someone driving a long distance does not want to stop to charge the car every few hours, then and have to sit and wait for 30-60 minute during this time. In efforts to overcome this issue Tesla Motors has what they claim is the fastest charging station in the world. This graph shows the typical chargers compaired to the Tesla Supercharger. The milage equivilant, or range, is given on the y axis for a 30-minute charge at three differing stations. 5 These stations are being distributed throughout the world and they are free to use for Tesla vehicles. Figure 1 shows the amount of miles or charge rate equivilent (y axis) for 30 minutes by comparing standard chargers versus the Tesla Supercharger.
Battery Cost
The cost of the battery is one of the main drivers in the economics of the electric vehicle. Argonne National Laboratory has assembled a multi-disciplinary team called the Joint Center for Energy Storage Research (JCESR), and they seek to reduce the cost of the battery by five times, increase the energy density of the battery by five times and do this within 5 years. Currently, the cost of the battery is around $100 per kWh of storage capacity. If this cost can be reduced by a factor of 5, it will be closer to $20 per kWh.
Battery Energy Density
The energy density of the battery is also an issue with driving a car that can go a long distance. Energy density refers to the amount of power storage per unit weight of battery. This is most important in an EV because the vehicle has to move the weight of the battery within the car. To illustrate, if a battery is fully charged, then the car is driving with a mass that is full of energy. As this battery drains, the vehicle is still carrying the weight of the battery. This vehicle is now using energy to carry the discharge battery or dead weight, which will make the vehicle use more energy to travel, directly impacting the distance the car can travel. In a typical internal combustion engine, the energy density of the fuel is much greater then that of a battery, and its weight is shed as the fuel is burned and the tank empties. This means the car becomes more efficient as you drive. The less the battery can weigh, the less energy that is needed to drive the car. This will have a compound factor on the distance a vehicle can drive is the energy density is increased. The real need for development of the storage and implementation of the EV is driven by cost, charge time, and distance, and consumer perceptions.
New Technology and Electric Vehicles
Autonomous vehicles are the future of transportation. Google, among others, have numerous autonomous vehicles driving all over the world. They have been working with auto manufactures to integrate this technology into new vehicles. California is working on rewriting laws that allow for self-driving cars. This creates advantages for safety and allows a person to enjoy the ride or do something else during a commute that would otherwise be spent on driving. This technology can be also used to program a vehicle to park itself and connect to the grid while being parked. This connection is vital if the EV is going to be interfaced with the grid for charging and discharging throughout the day. Assuming grid connections are available, and the typical commute is less than 100 miles per day, one can assume a vehicle could be connected to the grid for greater than 20 hours per day.
Another developing technology is the Vehicle to Grid (V2G) for charging and grid integration. At times, the grid needs additional power, and other times it needs to shed power as base load demand is minimal. V2G will also allow for storage and supplement supply of intermittent generation of renewables.
By definition, V2G is the capability to have bidirectional flow of power from the grid to the vehicle. This capability allows for the Grid to utilize the storage that is in the EV when it is needed. The Department of Defense (DOD) is currently working on a case study to implement this technology for their use. The DOD found in one study that frequency regulation alone could offset the cost of an EV lease by as much as 72%. This may start to change the way we look at our EV and the economics of owning a car as a money savings decision. Integration of the EV with the Grid allows for a mutual beneficial relationship and can allow the finance savings to be passed on to the consumer. Once storage is online, this could be used to offset some of the rolling reserve that is in the grid system, but not being utilized for power production. The reduction in redundancy generation or standby generators will help reduce the cost of electricity.
Furthermore the EV has the capability to drastically change the demand profile. This change can be good or bad, depending on how it is implemented. If done incorrectly, consumers will return from work in the evening, plug in, and charge their EV. This will be a huge demand at one time on the grid and has the potential to have catastrophic effects to the system. The rate of charging that is needed, location of chargers, and number of EVs that are being plugged in would all play into the issues. If done correctly, the EV will have the capability to help the grid rather than cause issues.
One way to effectively manage the demand profile would be to allow the consumer control to set charging and discharging with price points within a given software. When the desired price is cheap to the consumer, then the EV would start to charge. Conversely, when the price point was high enough, a consumer could discharge or sell the power back to the grid. This necessitates a minimum discharge point capability in the software so the consumer would maintain a minimum charge in the EV. It is assumed the pricing would follow the demand based on simple supply and demand economics. As intermittent renewables are online, the supply and demand may not be as simple as shown in Figure 2 . Rather supply will be intermittent, requiring the need to dispatch power or shed power when abundance is in the system. This could be done in real time by utilizing supply and demand economics with the consumer.
A typical charging and discharging cycle would look something like the profile given in Figure 2 .
Furthermore, the storage is eligible as rolling reserve to the grid and frequency regulation all will be available within the V2G. With these abilities, a third party will need to aggregate the consumers and communicate with the grid operators for dispatch purposes and simplicity. This communication will need to happen at two levels, the grid to the aggregator, and the aggregator to the consumers.
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Recent research performed a case study for California 2012-2027 found that renewable penetration can be used to reduce emission by up to 90%, without severely raising the cost of electricity. The driving force behind this stability in pricing comes from well-timed or controlled charging of EVs. Without this control, the opposite effect could take place. Policies to encourage smart controlled charging are crucial. This control will allow customers to switch demand times to a point when renewables are generating electricity.
Vechicle-Grid Physical Connection
The integration of the EV and the grid is technically logical, but the EV and grid need to actually physically connect for this to work. This can be in the form of plug in or wireless microwaves, but nonetheless the two need to be married. The technology needs to address when and how they will connect. If autonomous vehicles are in our future, the wireless connections will more than likely play into parking at work and commercial areas. If wireless charging is going to be utilized, then RFID, Bluetooth, or some type of wireless connections will be needed, and more than likely within the plug in charging stations as well. With this come additional Internet connections at the charging locations and further need for infrastructure upgrades as consumers adapt the EV. In addition to the transfer of power between the EV and the grid, communications are needed to implement these actions.
Based on the data provided by Tesla Motors charging comparison, and looking at the size of the power connection, it clearly shows the amount of energy that needs to be transferred at the point of connection (EV/grid) is large. These connections will need to be installed at residences, places of work and shopping locations. These changes in distribution will change how power is currently handled on the grid. The existing grid distribution system will change with the adaptation of the EV and V2G.
Argonne National Laboratory, in collaboration with others, is currently working on standardizing the connections for charging stations and communications. Currently, most manufactures are participating within this development. However, Tesla Motors is not. This may be due to the fact Tesla offers free charging at their Super Charging Stations. This differing connection is not compatible with other EVs, therefore not allowing other non Tesla Motor vehicles to get a free charge.
Conclusion
Our future needs to minimize pollution and hold a sustainable renewable energy portfolio that will provide for us all years to come. The move from ICE vehicles to EVs comes with much excitement, but not without hurdles to overcome. Renewable wind and solar are intermittent sources of energy and the EV will dramatically change the demand profile. All this comes with the need for energy storage and puts the need at an all time high. Recent consumers demands, governmental policy, and government subsidies, alike have made this need in the market place. This high demand has driven companies and consumers alike to push for the next best thing. We do not need to make an EV that is comparable to the internal combustion engine; rather we need to make the electric vehicle of the future better then what we currently have. This will ensure the success and adaptation of this technology. As renewables come online and bring with them intermittency problems, electric vehicles can offer large amounts of storage that can level the demand profile and dispatch power as needed. These all are promising ventures but none of this will happen if we are not proactive in developing the infrastructure and software needed to do this. It is apparent that battery technology needs to improve and come down in cost.
Examining the progress in renewable energy technology and battery technology, the future of transportation will support EVs and create additional need for renewable power generation. This will offer clean transportation and security from having to depend on fossil fuels. A major advantage of these renewable power systems is free fuel, adding stability to the cost to generate electricity. Although EVs do not provide GHG reductions, with controlled charging they do allow for load flexibility, which will allow reducing the cost of the renewable electric generation.
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V2G is currently being studied; the research is limited compared to the amount being invested in the research for batteries and PV solar generation. This is logical, being the V2G will not work without having batteries that support EVs, or still depending on fossil fuels for gener-ating power for the EV. However, at the rate these technologies are developing, V2G, controlled smart charging and infrastructure upgrades will be the next challenge in adaptation of the EV. Solar generation and wind generation offer benefits to reliable generation. These differing types of generation will allow for dispatch of variable types of generation when one or the other may not be available. This would not be possible if only one type of renewable is being utilized.
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Adaptation of renewable generation and electric vehicles will transform the way we live and make our overall system more resilient and reliable. With this comes the need for storage, generation, and communication hurdles that need to be overcome. If researched and done properly we all will benefit from these advancements. Utilizing the EV batteries and integrating the EV into the grid will have benefits to all in terms of renewable power generation and clean transportation. The key to success is making a better grid system than currently exists and supports renewable generation and developing electric vehicles that are better than the Internal Combustion Engine vehicles we drive today.
